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Summary  of  Research  Results: 

Our  efforts  under  this  AFOSR  research  support  have  led  to  a  number  of  new,  and  we  believe  significant,  scientific 
results  in  four  distinct  areas.  Our  compressible  simulations  of  Kelvin-Helmholtz  (KH)  instability  (Fritts  et  al., 

1996;  Palmer  et  al.,  1996)  were  among  the  first  to  identify  the  character  and  dynamics  of  the  secondary  instability 
leading  to  turbulence  within  a  KH  billow  at  sufficiently  high  Reynolds  numbers  to  trigger  the  transition  to 
turbulence.  These  studies  both  1)  defined  the  scales,  energy  sources,  and  morphology  of  the  streamwise-aligned 
instability  accounting  for  KH  breakdown  and  2)  delineated  the  importance  of  this  three-dimensional  (3D)  structure 
in  departures  from  a  corresponding  (and  nonphysical)  two-dimensional  (2D)  flow  evolution.  We  also  examined  in 
detail  the  dynamics  of  the  entrainment  region  into  the  billow  and  discovered  that  baroclinic  tendencies  operating 
there  conditioned  the  flow  to  have  strong  shear  (or  inertial)  sources  of  instability  kinetic  energy  in  addition  to  the 
convective  sources  anticipated  earlier  theoretical  efforts.  These  studies  appear  to  be  regarded  as  the  definitive  KH 
studies  to  date,  despite  our  newer,  and  higher-resolution,  studies  which  have  yet  to  appear. 

A  second  area  in  which  we  have  broken  new  ground  is  in  the  application  of  numerical  simulations  of  wave  breaking 
and  instability  processes  to  observations  of  atmospheric  airglow.  Following  our  earlier  application  of  a  compressible 
simulation  of  high-frequency  gravity  wave  breaking  to  the  instability  structures  observed  in  noctilucent  clouds,  we 
performed  simulations  of  low-frequency  wave  instability  and  the  instability  implications  for  superposed  low-  and 
higher-frequency  wave  motions.  These  studies  defined  the  character  of  the  instability  pf  such  lower-frequency 
motions  and  enabled  an  explanation  of  instability  structures  observed  in  airglow  during  the  CORN  campaign  using 
radar,  lidar,  and  airglow  instrumentation  in  central  Illinois  (Hecht  et  al.,  1997;  Fritts  et  al.,  1997). 

Our  most  extensive  efforts  during  the  course  of  this  research  have  focussed  on  the  instability  and  vortex  dynamics 
accompanying  wave  breaking.  These  efforts  involved  a  combination  of  theoretical  and  analysis  activities  aimed  at 
dissecting  the  3D  numerical  data  sets  arising  from  our  highest-resolution  simulations  with  the  compressible  code. 
Our  analyses  revealed  that  the  initial  instabilities  due  to  wave  breaking  are  streamwise-aligned,  counter-rotating 
rolls,  closely  associated  with  the  dominant  instability  of  KH  billows  discussed  above.  Because  of  the  proximity  of 
these  rolls  to  adjacent  strong  spanwise  vortex  sheets,  the  rolls  induce  spanwise  divergence  and  stretching  of  these 
sheets  and  a  secondary  dynamical  instability  of  the  sheets.  This  leads  to  a  nest  of  orthogonally-aligned  and  closely- 
spaced  vortices  (Andreassen  et  al.,  1998).  These  vortices  thereafter  undergo  a  series  of  interactions  best 
haracterized  as  the  excitation  and  propagation  of  Kelvin  vortex  waves,  or  twist  waves,  which  appear  to  drive  the 
cascade  toward  smaller  scales  and  increased  isotropy  (Fritts  et  al.,  1998;  Arendt  et  al.,  1997,  1998).  We  speculated 
that  these  interactions  should  be  common  to,  and  may  account  for  the  turbulence  cascade  within,  many  geophysical 
flows.  Indeed,  our  more  recent  KH  simulations  using  an  incompressible  code  at  much  higher  resolution  exhibits  the 
same  classes  of  interactions  and  provides  evidence  for  this  conjecture.  If  this  proves  to  be  true  in  more  general 
flows,  then  this  research  effort  will  have  contributed  to  what  we  hope  will  be  a  quantitative  understanding  of  the 
dynamics  underlying  the  turbulence  cascade,  a  longstanding  goal  in  fluid  dynamics. 

A  separate  effort  used  both  numerical  and  analytic  techniques  to  examine  the  evolution  of  a  vortex  pair  in  two  and 
three  dimensions  in  a  flow  having  shear  and  stratification.  The  numerical  studies  (Garten  et  al.,  1998)  defined  the 
dynamics  of  the  vorticity  field,  including  influences  of  baroclinicity  and  shear,  on  vortex  propagation  and 
instability.  An  analytic  study  by  Arendt  and  Fritts  (1998)  addressed  the  influences  on  the  3D  Crow  instability  of  an 
external  shear  and  made  predictions  about  growth  rates  subsequently  verified  in  additional  3D  simulations  not  yet 
reported  (Garten,  private  communication,  1998). 


Instructions:  Provide  all  information  identified  below  for  the  duration  of  this  project.  “Personnel”  should  include  each  scientist  or  engineer 
who  contributed  to  the  research  during  the  year.  Publication  of  articles  derived  from  the  research  should  be  listed  chronologically  in 
bibliography  format.  Attach  reprints.  List  only  invention  disclosures  derived  from  this  specific  research  effort.  Honors  may  include  recognition 
both  inside  and  outside  the  academic  and  Air  Force  science  &  technology  (S&T)  communities.  Extended  scientific  visits  may  include 
collaboration  with  other  research  programs,  both  foreign  and  US.  _ 
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